The aim of this study was to examine whether athletes differ from nonathletes regarding their 1 mental rotation performance. Furthermore, it investigated whether athletes doing sports 2 requiring distinguishable levels of mental rotation (orienteering, gymnastics, running), as well 3 as varying with respect to having an egocentric (gymnastics) or an allocentric perspective 4 (orienteering), differ from each other. Therefore, the Mental Rotations Test (MRT) was 5 carried out with 20 orienteers, 20 gymnasts, 20 runners and 20 nonathletes. The results 6 indicate large differences in mental rotation performance, with those actively doing sports 7 outperforming the nonathletes. Analyses for the specific groups show that orienteers and 8 gymnasts differed from the nonathletes, whereas endurance runners did not. Contrary to 9 expectations, the mental rotation performance of gymnasts did not differ from that of 10 orienteers. This study also revealed gender differences in favor of men. Implications 11 regarding a differentiated view of the connection between specific sports and mental rotation 12 performance are discussed. 13
skill. Physical activities with higher cognitive demands may be assumed to have a stronger 23 influence on cognitive skills than those, which make lower or fewer cognitive demands 24 (Pesce, 2012) . For example, Pesce, Crova, Cereatti, Casella and Bellucci (2009) tested the 25 influence of either an aerobic circuit training lesson or a team games lesson on memory 26 performance in preadolescents. The two conditions were characterized by similar exercise 27 intensities but differed in their cognitive complexity (and therefore in their cognitive 28 demands). Memory performance was significantly better after team games than after aerobic 29 circuit training. 30 One significant cognitive skill, along with others, is mental rotation, i.e. the ability to 31 mentally manipulate two-or three-dimensional objects, whereby these objects may be rotated 32 in any direction or translated in space (Shepard & Metzler, 1971) . When the mental rotation 33 paradigm is applied in research, subjects usually have to judge whether a couple of (mostly 34 three-dimensional) objects presented in various orientations are identical to a specific target 35 object. Apart from the classical cube figures used by Shepard and Metzler (1971) , 36 alphanumeric characters (e.g. Cooper & Shepard, 1973) , images of human faces (e.g. athletes whose sport involves mental and physical rotations to display a better object-based 97 mental rotation performance than nonathletes, and the object-based mental rotation 98 performance to differ between the two types of sport. The rationale for these hypotheses was 99 that soccer players are thought to perceive objects mostly from an allocentric point of view, 100 whereas gymnasts mostly train their own body transformations, perceiving the environment 101 from an egocentric point of view. Results showed that the gymnasts displayed a better 102 performance than nonathletes in the object-based mental rotation task. Nevertheless, contrary 103 to the expectations, gymnasts and soccer players did not differ in their mental rotation 104
performance. This well-designed study is limited, however, by the fact that, despite including 105 two different types of sport with varying engagements in mental manipulation of objects 106 (allocentric vs. egocentric transformations), a sports group that trains physically but lacks the 107 systematic involvement of mental rotation in its respective sport activity, e.g. runners, is 108
missing. 109
With respect to the latter study, one might speculate that there may be some sports that 110 differ more from gymnastics concerning the types of mental transformations and the general 111 mental rotation engagement than soccer does. For example, orienteering is a sport in which 112 the allocentric perspective plays a central role when navigating through one's surroundings. 113
For successful orientation, mostly in the woods, orienteers have to adopt an allocentric 114 perspective to locate themselves as an object on the coordinate system of the map. Therefore, 115 while exercising, they train their mental rotation skills, which in turn should lead to enhanced 116 performance especially in object-based mental rotation tasks -since to solve them one has to 117 adopt an allocentric perspective. To the best of our knowledge, no study has ever compared 118 PHYSICAL ACTIVITY AND MENTAL ROTATION 7 orienteers with other athletes with or without mental rotation engagement, or even tested 119 whether they differ from nonathletes. However, any differences that might be found would 120 help to determine which specific effects different sports may have on mental rotation skills. 121
The present study therefore examines whether different sports that make various 122 mental rotation demands differ in terms of the resulting mental rotation performance. Thus, 123 the mental rotation performance of athletes in a sport with a high degree of egocentric 124 transformations (gymnastics), a sport with a high degree of allocentric transformations 125 (orienteering), and an endurance sport without mental rotation demands (running) are 126 compared with each other, and in addition with the performance of a group of nonathletes. 127
The conjecture is that (1) people actively involved in sports will have a better mental rotation 128 performance than nonathletes. That (2) each individual sport will lead to a better mental 129 rotation performance than in nonathletes, irrespective of the mental-spatial demands made by for the years spent doing the sport showed that all three sports groups spent more years 157 practicing their sport than nonathletes (p < .0005), but also that gymnasts started their sports 158 career earlier than runners (p = .001). The data contained no missing values, nor were any 159 univariate outliers found using Grubbs' test (Z = 2.58, p > .05). the frequency with which they carried out these activities, and the duration of each session. 174
Procedure 175
First, the MRT-A was carried out to determine the mental rotation performance. Next, 176 participants completed the questionnaire on their current sports behavior, and gave details of 177 their age and sex. The entire procedure lasted 15 minutes and was carried out as an individual 178 test in a quiet room. All subjects gave their informed consent before taking part and were able 179 to discontinue the study at any time. 180
Statistical analyses 181
In order to test whether athletes (all three sports groups together) and nonathletes differ from 182 each other with respect to their MRT-A performance, a univariate analysis of variance 183 (ANOVA) was conducted with the dependent variable MRT-A test score and the independent 184 variable activity group (athletes, nonathletes) and gender (male, female). To test all three 185 remaining study hypotheses, a univariate analysis of variance (ANOVA) was performed with 186 the dependent variable MRT-A test score and the independent variables group (orienteers, 187 gymnasts, runners, and nonathletes) and gender (male, female). Gender was considered as a 188 factor because men are known to perform better in object-based mental rotation tests than 189 women (e.g. Voyer et al., 1995) . Post-hoc comparisons using Tukey's HSD test were used to 190 compare specific groups with one another. A significance level of .05 was set for all tests. The 191 effect size was calculated and interpreted using Cohen's (1988) definition of small, medium, 192 and large effect sizes (η 2 = .01, .06, .14). 193
Results

194
Preliminary analyses 195
The overall ANOVA with the dependent variable MRT-A test score and the 196 independent variables group and gender revealed a significant overall effect, indicating that 197 groups and/or genders differ with respect to their mental rotation performance (F(7, 72) = 198 4.07, p = .001, η 2 = .284). Whereas there was a significant main effect for the factors group 199 
020). 201
The mean sum score of the male subjects was M = 13.75 (SD = 4.46), whereas the mean for 202 the female subjects was M = 10.68 (SD = 4.16), meaning that this effect can be described as 203 being large. Thus, the uniform distribution of the sexes within the different groups proved to 204 be the central control variable in the present study design. Since it is not only the level of the mental rotation demands made by a specific sport 227 that could influence mental rotation performance, but also the time spent doing a specific 228 sport and the intensity -in addition to the four hypotheses tested -another ANOVA was 229 Voyer et al., 1995) respectively, these results will not be discussed any further. 243
Sports do not only differ in terms of their physical demands (such as aerobic and 244 anaerobic activity, strength and coordination tasks) though, but also in terms of the demands 245 they make on mental rotation skills (thereby promoting these). It can therefore be assumed 246 that not all sports will affect mental rotation performance in the same way or to the same 247 extent. This is supported by experimental studies demonstrating greater effects on subject's 248 mental rotation performance for sports involving coordination and mental rotation than those 249 with just few cognitive demands (Jansen, Lange, & Heil, 2011; Moreau et al., 2012) . 250
However, to date only two cross-sectional studies have compared two sports groups with 251 different mental rotation demands with each other and revealed that elite combat athletes 252 display better mental rotation performance than elite runners (Moreau et al., 2011) performance is primarily explained by the general level of mental rotation demands made by a 263 specific type of sport rather than the different (ego-or allocentric) perspective inherent in the 264 sport. Nevertheless, it also has to be said that in our sample with equal numbers of training 265 sessions per week, the mean training duration is much longer in gymnasts than in orienteers. 266
On the one hand, this reflects the natural setting of the respective sports, on the other hand this 267 could have affected the results of the present study. Further studies aimed at discovering the 268 differential effects of ego-or allocentric sports could ensure that this possible confounding 269 factor does not differ between the groups being compared. 270
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Besides the small sample size, one limitation of the present study is certainly its cross-271 sectional design, which prevents any causal conclusions from being drawn. Whether people 272 with good mental rotation skills tend to choose sports that make high demands on their mental 273 rotation performance, or whether sports with high levels of object rotations are in fact able to 274 influence mental rotation performance, cannot be answered by this study. However, training 275 and experimental studies do certainly suggest that this is the case (Jansen, Lange, & Heil, Another important limitation is that no additional cognitive ability, for example 285 participant's overall intelligence or cognitive processing speed, was measured. Considering 286 the study conducted by Jansen and Lehmann (2013), which showed that male and female 287 soccer players differ in their processing speed, one might argue that the differences found in 288 the present study may have been due to differences in precisely this variable. Thus, processing 289 speed is a cognitive ability that deserves more attention in future studies investigating mental 290 rotation differences. 291
Nevertheless, the present study revealed not only gymnasts, but also orienteers to have 292 better mental rotation performance than nonathletes. This result supports the claim that 293 specific sports may have specific effects on specific cognitive skills. 294 
